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Specification 

1. Title of the Invention 

Diamond color measurement device 

2. Claims 

1. A diamond color measurement device characterized by the fact of being 
endowed with 

(a) a light source part composed of a light source lamp and an integrating sphere 
that spreads the light of that light source lamp with the inner surface, 

(b) a holder part, provided with a diamond holding head means having a pavilion 
hole that can take in the pavilion side of a brilliant cut diamond in the head part and having 
a suction hole going through in the direction of the bottom part from that pavilion hole, 



and a suction base means that suctions and holds a diamond taken into the above- 
mentioned pavilion hole via the above-mentioned suction hole that has in the head pan a 
taper part to which that diamond holding head means can be freely attached and removed, 
which holds the table surface of a diamond that ought to have the diffused light from the 
above-mentioned light source part irradiated to the inside of the diamond in the direction 
of the above-mentioned integrating sphere, 

(c) a spectral diffraction part that diffracts the light that has passed through the 
inside of a diamond and irradiated out the table surface side, 

(d) a light receiving part that detects the light that has passed through that spectral 
diffraction part, 

(e) a variable slit part, provided on at least one side with the above-mentioned 
spectral diffraction part or light receiving part, that adjusts the size of the light beam in 
order to cause it to conform to the diameter of the diamond, 

(f) a measuring part that controls the above-mentioned spectral diffraction part, 
etc., and obtains the spectral transmission spectrum of a diamond, as well as 

(g) a computing part that obtains the color tristimulus values X, Y, Z from that 
spectral transmission spectrum. 

2. The device mentioned in Claim one formed provided with a table surface set 
means that sets the disposition of the table surface of a diamond taken in to the pavilion 
hole by the holder part to a prescribed disposition. 

3. The device mentioned in Claim one or Claim two formed so that there are 
multiple diamond holding head means, and the size of the pavilion holes of each conform 
to the various sizes of the respective diamonds, and made capable of being attached to a 
suction base means that appropriately selects to match the diamond that is to be measured. 

3. Detailed Description of the Invention 

This invention, relates to a diamond color measurement device, and concerns a 
device that measures the spectral transmission spectrum of a diamond, and obtains the 
tristimulus values X, Y, Z of color from that spectral transmission spectrum, and based on 
this, evaluates the color grade of a diamond. 

The quality of a diamond is evaluated by means of the 4 C's of (1) color, (II) 
clarity, (III) carat and (IV) cut. Among these, as for the color of (1), sensory judgement 
that finely classifies and evaluates, by means of a person's naked eye, the degree of yellow 
from colorless to light yellow has been carried out exclusively up to now. 

However, with sensory judgement, no matter how expert the observer is, 
there is a problem in its objectivity, and the fact is it is not uncommon that an evaluation 
differs depending on the subjectivity of the observer. On the other hand, now diamonds 
are beginning to circulate as a mass commodity, and, because the market is steadily 
expanding, the emergence of some kind of means by which diamond color measurement 



can be carried out rationally and without being dependent on the subjectivity of an 
observer is desirable. 

This invention was made taking this kind of situation into consideration and offers 
an extremely useful device to objectively carry out color measurement of a diamond. 

Below this invention is explained in detail based on the embodiment shown in the 
drawings. 

(1) shown in FIG. 1 is one embodiment of the diamond color measurement device 
of this invention. 

The light source part is, basically, composed of a halogen lamp (2) and an 
integrating sphere (3) to make the white light of that halogen lamp (2) diffused light 
reflected many times at the inside surface, and when removing the influence of 
fluorescence is desired a filter (4) that cuts ultraviolet light is added. 

The holder part (5) that holds a brilliant cut diamond (D) is, basically, constituted 
of a diamond holding head (6) and a suction base (10), as is well illustrated in FIG. 2, 
furthermore, a table surface set plate (17) to make the disposition of the table surface (T) 
of the diamond (D) to a prescribed disposition has been added. 

The diamond holding head (6) is made of the same ceramic as that of the standard 
white plate, and in that head part has a pavilion hole (7) into which the pavilion (P) of the 
diamond (D) can be completely [translator's note: illegible, but probably is "taken in"], and 
has a [illegible] head conical" shaped joint depression part (9) in the bottom part, and has a 
suction hole (8) that links the pavilion hole (7) with the joint depression part (9). 

The suction base (10) has a [illegible] head conical shaped joint protruding part 
(11) that can closely fit into the above-mentioned joint depression part (9), and has a 
through hole (12) that runs through in the direction of the bottom surface from the vertex 
of the joint protruding part (1 1). Furthermore, in the through hole (12) a suction pump 
(14) is connected by a connecting pipe (13). 

When the joint depression part (9) of the diamond holding head (6) is joined to the 
joint protruding part (1 1) of the suction base (10), both items are connected on the same 
axis, and closely, at the precisely worked taper part. However, because the diamond 
holding heat (6) is only placed and held on the suction base (10), it can be easily removed. 

This device (1) has multiple diamond holding heads (6), and the size of the pavilion 
holes (7) of the respective diamond holding heads (6) are respectively [illegible] so as to 
be able to conform to diamonds (D) of various sizes. Accordingly, the diamond holding 
head (6) that has a pavilion hole (7) that matches the size of the diamond (D) to be 
measured is selected, and attached to the suction base (10). As mentioned above, because 
the attachment and removal of the diamond holding head (6) can be easily carried out, 



even if the sizes of the diamonds (D) to be measured are diverse, it is always possible to 
use the optimum diamond holding head (6). 

The suction base (10) is provided fixed to the rise and fall stage (16) caused to rise 
and fall by the rise and fall mechanism (15), and is pulled down at the time of exchanging 
the diamond (D) and diamond holding head (6), and is pressed up at the time of 
measuring. At the pushed up position, the upper surface (6a) of the diamond holding head 
(6) contacts the integrating sphere (3), and the crown part (C) of the diamond (D) is 
positioned inside the integrating sphere (3). In the rise and fall mechanism (16), so that the 
axis will not get out of order at the time of the rising and falling of the stage (16), a stage 
pole [illegible] mechanism is employed. 

The table surface set plate (17) can rotate around the axis (12) and can rise and fall 
resisting a spring (19). 

At the time of setting up the diamond (D), first, at position at which the rise and 
fall stage (16) is lowered, the appropriate diamond holding head (6) is attached on the 
suction base (10), and the diamond (D) is joined to the pavilion hole (7) of that diamond 
holding head (6). Next, the table surface set plate (17) is pressed against the table surface 
(T) of the diamond (D) and the disposition of the table surface (T) is set to the prescribed 
disposition, and at the same time the suction pump (14) operates and suctions and holds 
the diamond (D). Finally, the table surface set plate (17) rotates around the shaft (18), and 
moves out to outside the up and down path of the diamond holding head (6), and pushes 
up the rise and fall stage (16). 

When referring to FIG. 1 again and explaining, the diffracted light irradiated to the 
table surface side of the diamond (D) permeates and is reflected many times inside the 
diamond (D), and radiates out from the table surface side again. This light (a) is taken out 
from an almost perpendicular direction with respect to the table surface (T), passed 
through a mirror (20) and a chopping mirror (21) and guided to the spectral diffraction 
part (23). Further, the light (B) taken out from a certain one part of the inside surface of 
the integrating sphere (3) as the contrast light of a double beam system, is guided to the 
spectral diffraction part (23) passing through the mirror (20') and chopping mirror (21). 
Because the chopping mirror (21) is rotated by the motor (22), light (a) and light (6) are 
guided to the spectral diffraction part (23) one after the other. 

The spectral diffraction part (23), as shown in FIG. 3, is, basically, formed from 
two mirrors (24) (25) and one grating (26), and has a variable slit (27) (28) at the entrance 
and exit of the light. 

The constitution of the variable slit (27) (28) is as shown in FIG. 4. The entrance 
slit (27) is provided for by the window (30) of a switching mask plate (29) and the gap 
(33) between two slit blades (31) (32), and the exit slit (28) is provided for by the gap (36) 
between two slit blades (34) (35). The sizes of these slits (27) (28) can be switched as 
follows. Namely, first, when by means of a pulse motor (not illustrated) the shaft (37) is 



rotated only a prescribed angle, the pin (38) in a position that has been made eccentric 
causes the cam plate (39) to rotate only a proscribed angle centering on the ftilcaim (40). 
Accordingly, the pins (41) (42) are moved in the opposite direction, respectively, and the 
moving bars (43) (44) are moved in the opposite direction. Since slits (32) (35), (31) (34) 
are attached respectively to these moving bars (43), (44), the gaps (33) (36) that slits (27) 
(28) prescribe change. On the other hand, if the moving bar (44) moves, because the 
switching mask plate (29) is rotated a prescribed angle centering on the fulcrum (46) via 
the switching lever (45), the position of the window (30) that corresponds to the gap (33) 
changes. Because the size of the window (30) is changed in stages (or continuously) 
depending on the position, the size of the slits (27) (28) change by means of this. It is 
desirable that the size of the slit (27) be decided so as to become a size that is inscribed in 
a circle of the same diameter as that of the diamond (D). 

As shown in FIG. 1, the light that comes out of the spectral diffraction part (23) 
enters a photomultiplier (48) and is converted into an electric signal that is in proportion 
to the strength of the light. 

The measuring part (49) controls the wavelength of the diffracted light of the 
spectral diffraction part (23) and obtains the spectral transmission spectrum of the 
diamond (D), and in addition, emits a feedback signal (50) based on the detected 
comparison light (G) synchronized with the chopping mirror (21) and changes the negative 
high voltage given to the photomultiplier (48), and automatically adjusts the sensitivity. 

The computing part (51) obtains the tristimulus values X, Y, Z of color from the . 
spectral transmission spectrum obtained by the measuring part (49), and, basically, carries 
out the following calculations. 

X = kJ y(k)~x(k)dX (I) 
Y = K J <p(k)} (X)dX (II) 
Z = K| <p(X)z (X)dA, (III) 

Here, spectral transmission spectrum 
x(X), y(k), z(k): isochromatic function 

K is a constant in order to make Y equivalent to the amount of light measured 
These values, X, Y, Z, are output to a print plotter (52). 

If values previously evaluated with the above-mentioned X, Y, Z values 
obtained by the computing part (51) are compared with a color grade table obtained 
measuring an already known diamond, the color grade of that diamond (D) can 
immediately be objectively known, but in the device (1) of this embodiment, so that the 
color grade can be more easily recognized, the computing part (51) further carries out the 
following processing. 



That is, the computing part (16) computes to make the color coordinates x, y from 
the above-mentioned X, Y, Z. 

x = X/(X + Y + Z) (IV) 
y = Y/(X + Y + Z) (V) 

Next, this x, y coordinate is output to a printer plotter (52) and the coordinate 
point is entered on the chart form as shown in FIG. 5 set in the printer plotter (52). 

By means of this the operator can obtain the chart as shown in FIG. 6, for 
example, but since the coordinate point (0) has been entered in the H G" area, the fact that 
the color grade of this diamond is grade "G" can be immediately known. 

Now, since the chart form of FIG. 5 is something which repeatedly drew a scale 
(broken line part of FIG. 5), empirically prepared by measuring many times with this 
device (1) a diamond for which the evaluation value of the system of the Gemological 
Institute of America (G.I. A.) was already known and plotting on a color chart many of the 
coordinates obtained, on coordinates (FIG. 5 solid line) that extracted and drew part of 
the color chart, the evaluation values are the color grades of the G.I. A. system. 

As another color grade evaluation system, there is the C. L B. J. O. (International 
Confederation of Jewelry, Silverware, Diamonds, Pearls and Stones) system, but if a scale 
is prepared in the same way as mentioned above and it is marked on a transparent plate 
and made a template, by putting that template on FIG. 6 the color grade of another system 
can be easily known and it is convenient. 

The diamond color measurement device of this invention is constituted as above, 
and by means of this, the measurement of the color of a brilliant cut diamond can be 
objectively carried out. And since that output is a form that can be simply and easily 
converted to color grade values that have been widely used up to now, it is, in fact, 
extremely useful. Further, since the configuration of the holder part that has been made to 
conform to the size of the diamond that is the subject of measurement and the size of the 
light beam can be easily changed, the girdle part of a diamond can always be held in the 
same position with respect to the integrating sphere and only the crown part can be 
illuminated, and in addition, light from the diamond can be received in the proper amount 
and highly accurate measurement can be carried out. 

4. Brief Explanation of the Drawings 

FIG. 1 is an explanatory diagram of the configuration of one embodiment of the 
diamond color measurement device of this invention. FIG. 2 is an explanatory diagram of 
a cross-section of the holder part of the device shown in FIG. 1. FIG. 3 is an explanatory 
diagram of the configuration of the spectral diffraction part of the device shown in FIG. 1 . 
FIG. 4 is an explanatory diagram of the constitution of the variable slit mechanism in the 



same spectral diffraction part. FIG. 5 is the chart form used in the device shown in FIG. 1 . 
FIG. 6 is one example of the chart obtained by the device shown in FIG. 1. 

(1) ... Diamond color measurement device, (2) ... Halogen lamp, (3) ... 
Integration sphere, (4) ... Ultraviolet light cutting filter, (5) . . . Holder part, (6) ... 
Diamond holding head, (7) ... Pavilion hole, (8) . . . Suction hole, (9) . . . Joint depression 
part, (10) ... Suction base, (11) ... Joint protruding part, (12) ... Through hole, (13) ... 
?connecting? pipe, (14) ... Suction pump, (17) ... Table surface set plate, (23) ... Spectral 
diffraction part, (22) (?20?) ... Slit, (47) ... Variable slit mechanism, (48) ... 
Photomultiplier, (49) ... Measurement part, (51) ... Computing part, (52) ... Print plotter. 
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FIG. 2 
FIG. 3 
FIG. 4 
FIG. 5 
FIG. 6 



